).
Characterization Data Criteria
Data Quality Objectives for Generic In-Tank Health and Safety lssue Resolution describes parameters for data collection to ensure appropriate conclusions can be drawn from the data. Tank headspace characterization data was collected to help in the evaluation of 1) headspace flammability, and 2) identification and quantification of compounds of toxicological concern.
Single Shell Tank lnterim Operational Safety Requirements (Dougherty 1995) specifies that combustible constituents in tank headspaces be maintained below 25 % of the lower flammability limit (LFL). This essentially agrees with National Fire Protection Association requirements that combustible concentrations be maintained at or below 25 %of the LFL (NFPA 1992). However, current governing operating specifications for Watchlist tanks, such as tank C-112, specify that combustible constituents be maintained at or below 20 % of the LFL (WHC 1995a).
Headspace characterization data are used by Westinghouse Hanford Company (WHC) Tank Waste Remediation Systems Industrial Hygiene as source term data in the industrial hygiene strategy to protect workers from tank fugitive emissions. Because selection of worker protective equipment must be based on industrial hygiene monitoring of the work place and not on source term data (29 CFR 1910.120) , tank headspace characterization data can not be used for this purpose. Furthermore, because there are mechanisms by which headspace constituents can be either diluted or concentrated as they are released to the atmosphere, the headspace characterization data should not be considered to be representative of emissions at the point of emission.
These statements notwithstanding, the data quality objectives document specifies that the industrial hygiene group be advised if constituents with toxicological properties exceed 50 % of the appropriate consensus exposure standard (CES) for non-carcinogens, or 10 % of the appropriate CES for carcinogens. ACES is defined as the most stringent of known regulatory or recommended toxicological values for the workplace (Osborne et al. 1994 ).
Sampling Overview
Tank C-112 was vapor sampled in June 1994 using the in situ sampling (ISS) method, and again in August 1994 using the more robust vapor sampling system (VSS) method. Because the ISS sample volume flow measurement used during the June 1994 event was inherently less accurate than that of the VSS, the sorbent trap samples from the ISS event are not considered to be equivalent to those from the VSS sampling event (Huckaby et al. 1995) . Furthermore, there are other discrepancies between results from the ISS and VSS methods that are not understood (Huckaby 1994a), and until the ISS method has been validated and the discrepancies resolved, results from early 1SS events should be considered suspect.
Nevertheless, a brief description of the ISS event and hydrogen cyanide sampling results from the June 1994 ISS event are presented below, because this analyte was not sampled for during the VSS event. Huckaby et al. (1995) describe the bases for using the ISS method for hydrogen cyanide, and why it was not sampled for during the VSS event. All other results presented here are from the August 1994 VSS sampling event. Pingel (1994) provides sampling information for the June 1994 ISS event, and McVeety et al. (1995) describe sample preparation and analyses, and report results.
Samples collected are thought to have been representative of the tank headspace when the tank was sampled (Meacham et al. 1995) , and sample analyses were designed to provide a reasonably accurate and complete characterization of the significant headspace constituents. No assessment has been made of how the tank C-I 12 headspace composition changes with time. though studies of tank C-103 suggest that composition changes probably occur vely slowly in passively ventilated tanks, such as tank C-I 12 (Huckaby and Story 1994).
Tank Headspace Dynamics
l a n k C-I 12 is the last tank in a 3-tank cascade with tanks C-I 10 and C-111, and is connected to tank C-11 1 (the second tank in the series) via a 7.4-cm (2.9-in.) inside diameter, 7.6-m (254) long underground cascade line. Tank C-I 11 is also connected with tank C-I 10 (the first tank in the series) by a similar cascade line. Since these cascade lines connect the headspaces of these tanks, gases and vapors originating from the wastes in tank C-I 10 or tank C-I11 may be transferred to tank C-I12 (unless the cascade lines are obstructed). However, as discussed in Section 3.5 below, headspace data from tank C-11 1 indicate that the inter-tank exchange of gases and vapors has little effect on the headspace composition of tank C-112.
The cascade of tanks C-I I O , C-111, and C-I12 is passively ventilated, which means that the tanks are allowed to exhale air, waste gases, and vapors as the barometric pressure falls, and inhale ambient air as the barometric pressure rises. Each of these tanks has its own filtered breather riser. Barometric pressure typically rises and falls on a diurnal cycle, producing an average daily exchange of air equal to about 0.46 % of each tank headspace (Huckaby 1994b). Changes in the concentrations of tank headspace constituents due to barometric pressure changes are consequently very slow. 
August 1994 Vapor Sampling System Sampling Event
Headspace gas and vapor samples were collected from tank C-112 using the VSS on August 11, 1994 by WHC Sampling and Mobile Laboratories (WHC 1995b) . Sample collection and analysis were performed as directed by the sample and analysis plan' (WHC 1995b, Appendix A). The tank headspace temperature was determined to be 28 "C. Air from the tank C-112 headspace was withdrawn via a 7.9 mlong heated sampling probe mounted in riser 4, and transferred via heated tubing to the VSS sampling manifold. All heated zones of the VSS were maintained at approximately 50 "C.
Sampling media were prepared and analyzed by WHC, Oak Ridge National Laboratories (ORNL). Pacific Northwest Laboratories (PNL), and Oregon Graduate Institute of Science and Technology (OGIST) through a contract with Sandia National Laboratories (SNL). The 39 tank air samples and 2 ambient air control samples collected are listed in Table 2 -1 by analytical laboratory. Table 2 -1 also lists the 14 trip blanks and 2 field blanks provided by the laboratories.
A general description of vapor sampling and sample analysis methods is given by Huckaby et al. (1995) . The sampling equipment, sample collection sequence, sorbent trap sample air flow rates and flow times, chain of custody information, and a discussion of the sampling event itself are given in WHC 1995b.
' The current re uirement that sampling and analysis parameters be specified by a tank characterization plan was not in e ?f ect for gas and vapor sampllng until October 1, 1994 
Nitric Oxide, Nitrogen Dioxide, Water and Tritium
Nitric oxide and nitrogen dioxide concentrations in the tank C-I 12 headspace were determined to be 0.62 ppmv and i 0.02 ppmv, respectively. These are both acid gases that would have very low equilibrium concentrations above the high pH sludge in tank C-I 12. The measurable presence of nitric oxide may be due to its formation from oxygen and nitrogen in the radiation field of the headspace. These constituents could potentially serve as oxidizers to support combustion. but at the measured concentrations would have a negligible effect on the flammability of the tank C-I 12 headspace.
The water vapor concentration of tank C-112 was determined to be about 22.3 mglL. at the tank headspace temperature of 28 "C and pressure of 989 mbar (742 torr), (WHC 1995) . This corresponds to water vapor partial pressure of 31.0 mbar (23.2 torr), to a dew point of 24.6 "C, and to a relative humidity of 82 %. The water vapor content of the tank C-I 12 headspace is typical of other 241-C farm tanks.
Silica gel sorbent traps were used to sample for tritium. It is assumed that tritium produced by the waste combines with hydroxide ions to form tritium-substituted water. Evaporation of the tritium-substituted water would then result in airborne radioactive contamination. Silica gel sorbent traps adsorb virtually all (normal and tritium-substituted) water vapor from the sampled tank air, and are analyzed at the WHC 222-S laboratory. Radiochemical analysis of the silica gel trap indicated the total activity of the headspace to be less than 50 pCilL (WHC 1995b).
Hydrogen Cyanide
Analysis of the hydrogen cyanide sorbent traps collected during the June 1994 ISS event indicated the concentration of this analyte to be below 0.01 ppmv in all 3 samples. The absence of hydrogen cyanide at measurable concentrations is consistent with the expectation that an acid gas, such as hydrogen cyanide,
would not exist at significant concentrations above the caustic waste in tank C-112. No hydrogen cyanide has been detected in any of the 10 waste tank headspaces sampled for this analyte.
Discussion of Inorganic Gases and Vapors
Aside from water vapor and carbon dioxide, the most abundant waste constituents in the tank C-112 headspace are nitrous oxide, hydrogen, and ammonia. These have been detected in most tank WHC-SD-WM-ER-426 REV. 2
ORGANIC VAPORS
Organic vapors in the tank C-I 12 headspace were sampled using SUMMATM canisters, which were analyzed at PNL. and triple sorbent traps (TSTs), which were analyzed by ORNL. None of the positively or tentatively identified organic analytes were at or above levels of concern. Both laboratories used a gas chromatograph (GC) equipped with a mass spectrometer (MS) detector to separate, identify, and quantitate the analytes. A quantitative measurement of the TNMOC concentration by the U.S. Environmental Protection Agency (EPA) task order 12 (TO-12) method was also performed by OGIST on SUMMATM canister samples from the June 1994 ISS event. Descriptions of sample device cleaning, sample preparations, and analyses are given by Jenkins et al. (1994) , Ligotke et al. (1995a), and Rasmussen (1994) .
SUMMATM sample results should be considered to be the primary organic vapor data for tank C-112. These results were produced at PNL quality assurance impact level 3. All PNL analyses were not completed until 121 days afler sample collection, however, and did not satisfy the administratively chosen 60-day holding time (Keller 1994) . No holding time study has been performed to determine the stability of organic analytes in SUMMATM canisters in the chemical matrix of the tank samples.
ORNL analyses of TST samples from this and other waste tanks generally agree with, support, and augment the SUMMATM sample results. However, because certain WHC quality assurance requirements were not satisfied by ORNL, the quality assurance assessment of ORNL by Hendrickson (1995) should be reviewed before results unique to the TST samples are used for decision making.
All TSTs prepared by ORNL had 3 surrogate compounds added to evaluate sample matrix effects, potential handling, storage, and shipment problems, and analytical instrumentation performance (Jenkins et al. 1994) . ORNL evaluated the surrogate recoveries using a statistical approach similar to that prescribed by SW 846 Method 8260A Volatile Otganic Compounds by Gas Chrvmatography/Mass Spectrometry (GC/MS) Capillary Column Technique (EPA 1992). Using this approach, ORNL reported that all surrogates had standard deviation values within the 95 % confidence interval for variance, indicating that no bias was introduced in the measurement of analyte quantities (Jenkins 1995a ).
Positively Identified Organic Analytes
Positive identification of organic analytes using the methods employed by PNL and ORNL involves matching the GC retention times and MS data from a sample with that obtained from the analysis of standards. The concentration of an analyte in the sample is said to be quantitatively measured if the response of the GClMS has been established at several known concentrations of that analyte (i.e., the GUMS has been calibrated for that analyte), and the MS response to the analyte in the sample is between the lowest and highest responses to the known concentrations (Le., the analyte is within the calibration range).
ORNL and PNL were assigned different lists of organic compounds, or target analytes, to positively identify and measure quantitatively. The ORNL target analyte list was derived from a review of the tank C-103 headspace constituents by a panel of toxicology experts (Mahlum et al. 1994) . The PNL target analyte list included 40 compounds in the Environmental Protection Agency (EPA) task order 14 (TO-14) method, which are primarily halocarbons and common industrial solvents (€PA 1988) , plus 14 analytes selected mainly from the toxicology panel's review of vapor data from tank C-103.
SUMMARY
The tank C-I 12 headspace was sampled in June 1994 and again in August 1994 for gases and vapors to address flammability and industrial hygiene concerns. Collection and analysis of samples has been reported. It was determined that no headspace constituents exceeded the flammability or indrustrial hygiene notification limits specified in the current Vapor Sampling and Analysis Plan (Homi 1995). 
1 CAS = Chemical Abstract Service.
2 Average of 4 TST samples: 3 were 4-L and 1 was 1-L.
3 Average of 3 sample analyses.
4 PRD = percent relative difference. Keiier (1994) requires the PRD to be less than 20 %. 
